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(54) Method and device for controlling temperature in several zones of a solid oxide fuel cell 
auxiliary power unit 



(57) A method for fuel cell system thermal manage- 
ment Includes: maintaining a first zone at a first selected 
temperature range, maintaining a second zone at a sec- 
ond selected temperature range, and maintaining a third 
zone at a third selected temperature range. The second 
zone is in thermal communication with a first sensor and 
comprises a reformer (32), while the third zone is in ther- 
mal communication with a second sensor and compris- 
es a fuel cell stack (28). The second selected tempera- 
ture range is greater than the first selected temperature 
range, while the third selected temperature range is 
greater than the second selected temperature range. A 
thermal management system for use with an auxiliary 
power unit (10) includes a first air control valve (46) in 
fluid communication with a process air supply (34) and 
a fuel reformer zone (24) : the first air control valve (46) 
in operable communication with a controller (54); a sec- 
ond air control valve (40) in fluid communication with a 
process air supply (34) and a hot zone (22), the second 
air control valve (40) in electronic communication with 
the controller (54); a reformer zone temperature sensor 
(82) in thermal communication with the fuel reformer 
(32) and in operable communication with the controller 
(54); a hot zone temperature sensor (80) in thermal 
communication with the hot zone (22) and in operable 
communication with the controller (54); a first outlet at 
the reformer zone (24); and a second outlet at the hot 
zone (22). 



Fig.1. 
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Description 

BACKGROUND 

[0001 ] Alternative transportation fuels have been rep- 
resented as enablers to reduce toxic emissions in com- 
parison to those generated by conventional fuels. At the 
same time, tighter emission standards and significant 
innovation in catalyst formulations and engine controls 
has led to dramatic improvements in the low emission 
performance and robustness of gasoline and diesel en- 
gine systems. This has reduced the environmental dif- 
ferential between optimized conventional and alterna- 
tive fuel vehicle systems. However, many technical chal- 
lenges remain to make the conventionally-fueled inter- 
nal combustion engine a nearly zero emission system 
having the efficiency necessary to make the vehicle 
commercially viable. 

[0002] Alternative fuels cover a wide spectrum of po- 
tential environmental benefits, ranging from incremental 
toxic and carbon dioxide (C0 2 ) emission improvements 
(reformulated gasoline, alcohols, etc.) to significant tox- 
ic and C0 2 emission improvements (natural gas, etc.). 
Hydrogen has the potential to be a nearly emission free 
internal combustion engine fuel (including C0 2 if it 
comes from a non-fossil source). 
[0003] The automotive industry has made very signif- 
icant progress in reducing automotive emissions. This 
has resulted in some added cost and complexity of en- 
gine management systems, yet those costs are offset 
by other advantages of computer controls: increased 
power density, fuel efficiency, drivability, reliability and 
real-time diagnostics. 

[0004] Future initiatives to require zero emission ve- 
hicles appear to be taking us into a new regulatory par- 
adigm where asymptotically smaller environmental ben- 
efits come at a very large incremental cost. Yet, even an 
"ultra low emission" certified vehicle can emit high emis- 
sions in limited extreme ambient and operating condi- 
tions or with failed or degraded components. 
[0005] One approach to addressing the issue of emis- 
sions is the employment of fuel cells, particularly solid 
oxide fuel cells (SOFC), in an automobile. A fuel cell is 
an energy conversion device that generates electricity 
and heat by electrochemically combining a gaseous fu- 
el, such as hydrogen, carbon monoxide, or a hydrocar- 
bon, and an oxidant, such as air or oxygen, across an 
ion-conducting electrolyte. The fuel cell converts chem- 
ical energy into electrical energy A fuel cell generally 
consists of two electrodes positioned on opposite sides 
of an electrolyte. The oxidant passes over the oxygen 
electrode (cathode) while the fuel passes over the fuel 
electrode (anode), generating electricity, water, and 
heat. 

[0006] The fuel gas for the cell can be derived from 
conventional liquid fuels, such as gasoline, diesel fuel, 
methanol, or ethanol. The device, which converts the 
liquid fuel to a gaseous fuel suitable for use in a fuel cell, 



is known as a reformer. 

[0007] The long term successful operation of a fuel 
cell depends primarily on maintaining structural and 
chemical stability of fuel cell components during steady 
5 state conditions, as well as transient operating condi- 
tions such as cold startups and emergency shut downs. 
The support systems are required to store and control 
the fuel, compress and control the oxidant and provide 
thermal energy management. 

10 

SUMMARY 

[0008] The above discussed and other drawbacks 
and deficiencies of the prior art are overcome or allevi- 
15 ated by a thermal management system. In an exemplary 
embodiment of the disclosure, a method of controlling 
temperature at an auxiliary power unit located in a ve- 
hicle includes: sensing a reformer zone temperature at 
a reformer zone; determining whether the reformer tem- 
perature is at a first selected temperature range; and 
adding a process air flow to the reformer zone if the re- 
former zone temperature rises above the selected tem- 
perature range. 

[0009] In one embodiment, a method of producing 
electricity at a fuel cell in a vehicle includes: adding a 
fuel and a reactant to a fuel reformer; producing a refor- 
mate at the fuel reformer; introducing the reformate to 
a fuel cell stack; and producing electrical power at the 
fuel celf stack. A reformer zone temperature is sensed 
at a reformer zone and it is determined whether the re- 
former zone temperature is at a first selected tempera- 
ture range. If the reformer zone temperature rises above 
the first selected temperature range a first process air 
is added to the reformer zone. 

[0010] One embodiment of a method for fuel cell sys- 
tem thermal management, includes: maintaining a first 
zone at a first selected temperature range, maintaining 
a second zone at a second selected temperature range, 
and maintaining a third zone at a third selected temper- 
ature range. The second zone is in thermal communi- 
cation with a first sensor and includes a reformer, while 
the third zone is in thermal communication with a second 
sensor and includes a fuel cell stack. The second se- 
lected temperature range is greater than the first select- 
ed temperature range, while the third selected temper- 
ature range is greater than the second selected temper- 
ature range. 

[001 1 ] A thermal management system for use with an 
auxiliary power unit includes a first air control valve in 
fluid communication with a first process air supply and 
a fuel reformer zone, the first air control valve in opera- 
ble communication with a controller; a second air control 
valve in fluid communication with a second process air 
supply and a hot fuel cell zone, the second air control 
valve in operable communication with the controller; a 
reformer zone temperature sensor in thermal communi- 
cation with the fuel reformer and in operable communi- 
cation with the controller; a hot zone temperature sensor 
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TABLE 1 -continued 
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Operating Equations 



(11) dh(CATH Q 2 ) = H(0 2f T c/ J - 



(12) 
(13) 
(14) 

(15) 
(16) 



H(0 2 ,T CRT ) 
where: T CA = Cathode Input Temperature 
dh(CATH N ,) = H(N,. T CA ) - 
H(N,.T CRT ) 

dh(CATH H,Oj = H(H,0. T CA J - 
H(H.O,T CRT ) 

n CAT»l ' mW CATH 

cath ■ molecular weight of cathode input 



m CATH 

where: mw, 
stream 

mWcAin - ^ °: ■ mw Q 
c /r H 2 0 • mw n:o 

m Me»H " n MrdH " mW MfoH 



+ N-. • mw^ 
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What is claimed is: 

1. A method of operating a combustor to heat a fuel 
processor in a fuel cell apparatus in which the fuel processor 
generates hydrogen from hydrocarbon fuel for supplying a 20 
fuel cell, the fuel cell discharging oxygen containing cathode 
effluent, the method comprising the steps of: 

(a) providing a fuel stream to the combustor; 

(b) providing an air flow stream to the combustor, the air 
How stream including at least one of a first air source 25 
and the cathode effluent from the fuel cell; 

(c) determining the power input requirement of the fuel 
processor; 

(d) determining the output power of the combustor to 
support the determined power requirement of the fuel 30 
processor; and 

(e) regulating the air flow stream to the combustor to 
control the temperature of the combustor, by control- 
ling the effective cross sectional area of an output flow 
orifice of an air flow regulator in response to the 35 
constituent makeup of the air stream. 

2. The method of claim 1, wherein the air flow regulator 
has a variable cross section orifice varying in a discrete 
plurality of steps between full open and full closed positions, 
the orifice having a known cross-sectional area at each 
discrete step. 

3. The method of claim 2, wherein the regulating step 
comprises the steps of: 

(i) adjusting the orifice to a first cross-sectional area in 
response to the constituent makeup of the cathode 45 
effluent; and 

(ii) adjusting the cross-sectional area of the orifice based 
on the difference between the actual air flow and a 
predetermined air flow to the combustor using a PID 
control loop. 50 

4. The method of claim 2, wherein said air flow regulator 
is connected to an exhaust to bleed air from the air flow 
stream. 

5. The method of claim 3, wherein the regulating step 
further comprises limiting the size of the cross section 55 
change of the air flow regulator orifice to a maximum and a 
minimum cross section. 

6. The method of claim 3, wherein the regulating step 
further comprises summing the first cross-sectional area of 

the diameter of the orifice of the air flow regulator with a 60 lating step additionally comprises controlling the direction 



40 



directing the air flow stream either primarily from the first 
air source to the combuster, or from the first air source to and 
through the cathode portion of the fuel cell thereby provid- 
ing said cathode effluent which is supplied to the combustor: 

9. The method of claim 1 further comprising regulating 
the fuel stream to the combustor based on the power 
requirement of the fuel processor. 

10. A method of operating a combustor to heat a fuel 
processor in a fuel cell apparatus in which the fuel processor 
generates hydrogen from hydrocarbon fuel for supplying a 
fuel cell, the fuel cell discharging oxygen containing cathode 
effluent, the method comprising the steps of: 

(a) providing a fuel stream to the combustor; 

(b) providing an air flow stream to the combustor, the air 
flow stream including at least one of a first air source 
and the cathode effluent from the fuel cell; 

(c) determining the power input requirement of the fuel 
processor; 

(d) determining the output power of the combustor to 
support the determined power requirement of the fuel 
processor; and 

(e) regulating the air flow stream to the combustor to 
control the temperature of the combustor by controlling 
the direction of the air flow stream by directing the air 
flow stream either primarily from the first air source to 
the combustor, or from the first air source to and 
through the cathode portion of the fuel cell thereby 
providing said cathode effluent which is supplied to the 
combustor. 

11. A method of operating a combustor to heal a fiiel 
processor in a fuel cell apparatus in which the fuel processor 
generates hydrogen from hydrocarbon fuel for supplying a 
fuel cell, the fuel cell discharging oxygen containing cathode 
effluent, the method comprising the steps of: 

(a) providing a fuel stream to the combustor; 

(b) providing an air flow stream to the combustor, the air 
flow stream including at least one of a first air source 
and the cathode effluent from the fuel cell; 

(c) determining the power input requirement of the fuel 
processor; 

(d) determining the output power of the combustor to 
support the determined power requirement of the fuel 
processor; and 

(e) regulating the air flow stream to the combustor to 
control the temperature of the combustor by bleeding 
air from the air flow stream. 

12. A method according to claim 11, wherein the bleeding 
of air is controlled with an air flow regulator in response to 
the constituent makeup of the air stream. 

13. A method according to claim 12, wherein the air flow 
regulator has a variable cross section orifice varying in a 
discrete plurality of steps between full open and full closed 
positions, the orifice having a known cross-sectional area at 
each discrete step. 

14. A method according to claim 11, wherein the regu- 



diameter adjustment determined using the error signal rep 
resenting the difference between the measured actual air 
flow to the combustor and the predetermined air flow. 

7. The method of claim 6 wherein the error signal is 
generated by a PID control loop. 

8. The method of claim 1 wherein the regulating step 
comprises controlling the direction of the air flow stream by 



of the air flow stream by directing the air flow stream either 
primarily from the first air source to the combustor, or from 
the first air source to and through the cathode portion of the 
fuel cell thereby providing said cathode effluent which is 
65 supplied to the combustor. 
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in thermal communication with the hot zone and in elec- 
tronic communication with the controller; a first outlet at 
the reformer zone; and a second outlet at the hot zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Referring now to the drawing, which is meant 
to be exemplary and not limiting: 

Figure 1 is a schematic of an exemplary fuel cell 
system with a thermal management system. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

[0013] Application of a SOFC in a transportation ve- 
hicle imposes specific temperature, volume, and mass 
requirements, as well as "real world" factors such as fuel 
infrastructure, government regulations, and cost to be a 
successful product. This SOFC power generation sys- 
tem focuses on the power output necessary to serve as 
an auxiliary power unit on-board and not as the prime 
energy source of the vehicle. This auxiliary power unit 
would be earned on-board the vehicle as the electrical 
generator to supply the electrical loads that are on- 
board the vehicle. The system operates at higher overall 
efficiency (i.e., fuel energy inputto electrical energy out- 
put) than current electromechanical alternator systems 
in current vehicles. The efficient operation of the SOFC 
system also permits electrical power to be generated 
on-board a vehicle even when the primary internal com- 
bustion engine is not operating (which will be critical to 
"no-idle" emissions laws being enacted in global re- 
gions). 

[0014] Referring to Figure 1 , a fuel cell auxiliary power 
unit 10 is schematically depicted. The auxiliary power 
unit 10 comprises a hot zone 22, a reformer zone 24 
and an outside zone 26. Hot zone 22, which is an insu- 
lated enclosure, includes a fuel cell stack 28 and may 
include a waste energy recovery unit 30 and a micro- 
reformer 31 . Hot zone 22 may reach temperatures of 
about 600°C to about 800°C once fuel cell stack 28 is 
operating at steady state, preferably about 725° C to 
about 775°C. Reformer zone 24 is also an insulated en- 
closure and includes a fuel reformer 32. Waste energy 
recovery unit 30 and micro-reformer 31 are shown in hot 
zone 22, however, they could also be located in reformer 
zone 24. Reformer zone 24 may reach temperatures up 
to about 500°C and optimally, should be about 300°C 
to about 500°C once fuel reformer 32 is operating at 
steady state. Outside zone 26 includes a process air 
supply 34, air control valves 40 and 46, sensors (not 
shown), andcontroller54(e.g. f an electronic controller). 
Outside zone 26 temperature is less than about 1 20°C. 
[0015] Hot zone 22 is separated from reformer zone 
24 by a thermal wall 36 so that the operating tempera- 
ture of reformer zone 24 can be kept at a cooler temper- 
ature than the operating temperature of hot zone 22. Ad- 
ditionally, outside zone 26 is separated from both hot 



zone 22 and reformer zone 24 by a thermal wall 38 so 
that the temperature of outside zone 26 can be kept at 
cooler temperatures than the operating temperature of 
both hot zone 22 and reformer zone 24. 
5 [0016] Auxiliary power unit 10 operates by providing 
fuel reformer 32 with a fuel supply 56 and a process air 
flow 52, which is generated from process air supply 34. 
Optionally, fuel supply 56 is routed through micro-re- 
former 31 to fuel reformer 32. The process of reforming 
io hydrocarbon fuels, such as gasoline, is completed to 
provide an immediate fuel source for rapid start up of 
fuel cell stack 28, as well as protecting fuel cell stack 28 
by removing impurities. Fuel reforming can be used to 
convert a hydrocarbon (such as gasoline) or an oxygen- 
's ated fuel (such as methanol) into hydrogen and byprod- 
ucts (e.g., carbon monoxide, carbon dioxide, and wa- 
ter). Common approaches include steam reforming, 
partial oxidation, and dry reforming, and the like, as well 
as combinations comprising at least one of the foregoing 
20 approaches. 

[0017] Fuel reformer 32 produces a reformate 58, 
which can be directed through a waste energy recovery 
unit 30 or directly to fuel cell stack 28. Process air flow 
52 can be provided through waste energy recovery unit 
25 30 to f u el cell stack 28. Fuel cell stack 28 uses reformate 
58 to create electrical energy 60 and waste byproducts 
such as spent/unreacted fuel 62 and spent air 64. Ther- 
mal energy from the flow of spent/unreacted fuel 62 and 
spent air 64 can optionally be recovered in a waste en- 
30 ergy recovery unit 30, which can recycle the flow of fuel 
and waste heat to the fuel reformer and can also dis- 
charge a flow of reaction products 66 (e.g., water and 
carbon dioxide) from auxiliary power unit 1 0. Waste en- 
ergy recovery unit 30 converts unused chemical energy 
35 (reformate 58) and thermal energy (exothermic reaction 
heat from the fuel cell stack 28) to input thermal energy 
for fuel cell stack 28 through the use of an integration of 
catalytic combustion zones and/or heat exchangers. 
[0018] Ultimately, electrical energy 60 is harnessed 
from fuel cell stack 28 for use by a motor vehicle (not 
shown). Fuel cell stack 28 produces a desired or prede- 
termined amount of electrical power to the vehicle. Fuel 
cell stack 28 can be a SOFC stack having a multilayer 
ceramic/metal composite structure design to produce 
45 electricity 60. It can comprise one or more multi-cell 
modules (not shown), which produce a specific voltage 
that is a function of the number of cells in the module. 
[0019] The thermal management system provides 
process air flow 52 for the fuel cell stack 28 and fuel 
so reformer 32, and can be used to regulate the tempera- 
ture in both hot zone 22 and reformer zone 24 of auxil- 
iary power unit 1 0. The thermal management system in- 
cludes an air control valve 40 that is in fluid communi- 
cation with an inlet 42 of hot zone 22 via a pipe 44, tube, 
55 hose or other similar device that can transport air and 
the like. Air control valve 40 supplies a process air flow 
52 to hot zone 22. Process air flow 52 may be about 
ambient temperature or slightly above ambient temper- 
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ature. As process air flow 52 enters hot zone 22, a hot 
air 68 enters waste energy recovery unit 30. In the pre- 
ferred embodiment, hot air 68 may enter waste energy 
recovery unit 30 in an area 70 that is separated from 
inlet 42. This allows process air flow 52 to disperse s 
through hot zone 22 before entering waste energy re- 
covery unit 30. 

[0020] The thermal management system also in- 
cludes an air control valve 46 that is in fluid communi- 
cation with an inlet 48 of reformer zone 24 via a pipe 50, 10 
tube, hose or other similar device that can transport air 
and the like. Air control valve 46 supplies process air 
flow 52 to reformer zone 24. As process air flow 52 en- 
ters reformer zone 24 ; reformer air 72 enters hot zone 
22 via a pipe 74, hose, or other similar device that can '5 
transport air and the like. There does not need to be a 
valve at pipe 74. Instead, reformer air 72 moves from 
reformer zone 24 to hot zone 22 because as process air 
flow 52 moves into reformer zone 24, reformer air 72 is 
then pushed out into hot zone 22. In addition, as process 20 
airflow 52 enters reformer zone 24, the air pressure in 
reformer zone 24 may be slightly higher than the air 
pressure in hot zone 22, and thus, reformer air 72 moves 
from reformer zone 24 to hot zone 22. 
[0021] The thermal management system also in- 25 
eludes a hot zone temperature sensor 80 and a reformer 
zone temperature sensor 82. Hot zone temperature 
sensor 80 is located in hot zone 22 and may be located 
in an area away from fuel cell stack 28. It is preferable 
that hot zone temperature sensor 80 not be located di- 30 
rectly adjacent fuel cell stack 28 because fuel cell stack 
28 emits very high temperatures. If hot zone tempera- 
ture sensor 80 is located directly adjacent to fuel cell 
stack 28, a false high reading may occur. Reformerzone 
temperature sensor 82 is located in reformer zone 24 35 
and may be located in an area away from fuel reformer 
32. If reformer zone temperature sensor 82 is located 
directly adjacent to fuel reformer 32, a false high reading 
may occur. 

[0022] As explained above, hot zone 22 and reformer *o 
zone 24 are insulated enclosures. In an exemplary em- 
bodiment, a microporous insulation 84 is employed, 
which is a high efficiency insulation. While a less effi- 
cient insulation may be utilized, it is preferred to use an 
insulation that is efficient because of the very high tern- 45 
perature and the limited amount of space that may be 
utilized for the auxiliary power unit 10. 
[0023] When auxiliary power unit 1 0 is energized and 
the system is cold, e.g., about ambient temperature, var- 
ious components of auxiliary power unit 10 should be 50 
heated, preferably rapidly, to bring auxiliary power unit 
10 up to operating temperature. Once auxiliary power 
unit 1 0 is operating, hot zone temperature sensor 80 and 
reformer zone temperature sensor 82 detect the tem- 
perature in hot zone 22 and reformer zone 24, respec- 55 
tively. 

[0024] If hot zone temperature sensor 80 detects that 
the temperature in hot zone 22 increases above a de- 



sired temperature, e.g., about 800°C, temperature sen- 
sor 80, which is in operable (e.g., electrical) communi- 
cation with controller 54, sends a signal to controller 54. 
Controller 54, which is in electrical communication with 
air control valve 40, sends a signal to air control valve 
40 to open. When air control valve 40 opens, process 
air flow 52 begins to flow through pipe 44 to inlet 42 and 
enters hot zone 22. Process air flow 52 disperses 
through hot zone 22. Process air flow 52 is cooler than 
the temperature in hot zone 22 and therefore, cools the 
temperature in hot zone 22. 

[0025] Once the temperature in hot zone 22 begins to 
cool, process air flow 52 is reduced or may even be 
stopped. By reducing process airflow 52, the tempera- 
ture in hot zone 22 begins to rise again causing process 
air flow 52 to then increase. Process air flow 52 increas- 
es to cool the temperature in hot zone 22 and reduces 
to increase the temperature in hot zone 22. As process 
air flow 52 enters hot zone 22, hot air 68 leaves hot zone 
22 by entering waste energy recovery 30 at area 70 or 
other suitable entry place. By having hot air 68 exit hot 
zone 22, the pressure within hot zone 22 can be con- 
trolled. 

[0026] In addition, if reformer zone temperature sen- 
sor 82 detects that the temperature in reformer zone 24 
is increasing above about 400°C, reformer zone tem- 
perature sensor 82, which is also in electrical commu- 
nication with controller 54, sends a signal to controller 
54. Controller 54, which is electrical communication with 
air control valve 46, sends a signal to air control valve 
46 to open. When air control valve 46 opens, process 
air flow 52 begins to flow through pipe 50 to inlet 48 and 
enters reformer zone 24. Process air flow 52 disperses 
through reformer zone 22. Process air flow 52 is cooler 
than the temperature in reformer zone 24 and therefore, 
cools the temperature in reformer zone 24. Once the 
temperature in reformer zone 24 begins to cool, process 
air flow 52 is reduced or may even be stopped. By re- 
ducing process air flow 52, the temperature in reformer 
zone 24 begins to rise causing process air flow 52 to 
then increase. Process air flow 52 increases to cool the 
temperature in reformer zone 24 and reduces to in- 
crease the temperature in reformer zone 24. As process 
air flow 52 enters reformer zone 24, reformer air 72 
leaves reformer zone 24 by entering hot zone 22. By 
having reformer air 72 leave reformer zone 24, the pres- 
sure within reformerzone 24 can be controlled. In addi- 
tion, reformer air 72 is cooler than the temperature in 
hot zone 22 and therefore, assists in cooling the tem- 
perature in hot zone 22. 

[0027] One advantage of the thermal management 
system is that the temperature at hot zone 22 and re- 
former zone 24 can be regulated. If hot zone 22 increas- 
es above about 800°C, the fuel cell stack would run too 
hot. If the temperature in hot zone 22 falls below about 
600°C, fuel cell stack 28 would run too cold. Thus, the 
thermal management system allows for increasing or 
decreasing an amount of cooler air that enters hot zone 
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22 and also allows for excess hot air 54 to enter waste 
energy recovery unit 30. In addition, it is desirable to 
maintain the operating temperature of reformer zone 24 
at about 300°C to about 500°C. If the temperature in 
reformer zone 24 reaches temperatures above about 
500°C, the shell of fuel reformer 32 may become too hot 
and fuel in fuel reformer 32 will combust or coke before 
it reaches the reaction catalyst. If the shell becomes too 
cold, the fuel will not be adequately vaporized and will 
not react properly on the catalyst. 
[0028] The thermal management system enables 
maintenance of different temperatures in outside zone 
26, reformer zone 24 and hot zone 22. The temperature 
in reformer zone 24 is typically less than the temperature 
in hot zone 22 and the temperature in outside zone 26 
is typically less than the temperature in reformer zone 
24. By controlling these temperatures, the fuel cell sys- 
tem (which can comprise any type of fuel cell stack) op- 
erates more efficiently Since controller 54 is typically 
physically disposed within outside zone 26, it does not 
require high temperature compatibility. 
[0029] While preferred embodiments have been 
shown and described, various modifications and substi- 
tutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be 
understood that the fuel reformer has been described 
by way of illustration only, and such illustrations and em- 
bodiments as have been disclosed herein are not to be 
construed as limiting to the claims. 



Claims 

1 . A method of controlling temperature at an auxiliary, 
power unit (10) located in a vehicle comprising: 



5. The method in Claim 1 , wherein said first selected 
temperature range is about 300° C to about 500° C. 

.6. The method in Claim 1 , further comprising: 

5 

sensing a hot zone temperature at a hot zone 
(22); 

determining whether said hot zone temperature 
is at a second selected temperature range; and 
10 adding a second process air flow (52) to said 

hot zone (22) if said hot zone temperature rises 
above said second selected temperature 
range. 

15 7. The method in Claim 6, further comprising reducing 
said second process air flow (52) to said hot zone 
(22) if said hot zone temperature falls below said 
second selected temperature range. 

20 8. The method in Claim 6, further comprising increas- 
ing said second process air flow (52) to said hot 
zone (22) if said hot zone temperature increases 
above said second selected temperature range. 

25 9. The method in Claim 6, wherein adding said second 
process air flow (52) comprises controlling said sec- 
ond process air flow (52) via a second air control 
valve (40). 

30 10. The method in Claim 6, further comprising moving 
a reformer air (72) from said reformer zone (24) to 
said hot zone (22). 

11. The method in Claim 6 ; further comprising moving 
a hot air (68) to a waste energy recovery unit (30). 

The method in Claim 6, wherein said second select- 
ed temperature range is about 600° C to about 800° 

C. 

The method in Claim 6, wherein said second select- 
ed temperature range is about 725° C to about 775° 

C. 

45 14. A method of controlling temperature at an auxiliary 
power unit (10) located in a vehicle comprising: 

sensing a reformer zone temperature at a re- 
former zone (24); 

determining whether said reformer zone tem- 
perature is at a first selected temperature 
range; 

adding a process air flow (52) to said reformer 
zone (24) if said reformer zone temperature ris- 
es above about said first selected temperature 
range: 

sensing a hot zone temperature at a hot zone 
(22); 



sensing a reformer zone temperature at a re- 12. 
former zone (24); 

determining whether said reformer zone tem- 
perature is at a first selected temperature 40 
range; and 13. 
adding a process air flow (52) to said reformer 
zone (24) if said reformer zone temperature ris- 
es above said first selected temperature range. 



2. The method in Claim 1 , further comprising reducing 
said process airflow (52) to said reformer zone (24) 
if said reformer zone temperature falls below said 
first selected temperature range. 

50 

3. The method in Claim 1 , further comprising increas- 
ing said process airflow (52) to said reformer zone 
(24) if said reformer zone temperature increases 
above said first selected temperature range. 

55 

4. The method in Claim 1, wherein said adding said 
process air flow (52) comprises controlling said 
process airflow (52) via an air control valve (46). 



5 



9 



EP 1 231 659 A2 



10 



determining whether said hot zone temperature 
is in a second selected temperature range; and 
adding a second process air flow (52) to said 
hot zone (22) if said hot zone temperature rises 
above said second selected temperature 
range. 

15. The method in Claim 14, further comprising reduc- 
ing said process air flow (52) to said reformer zone 
(24) if said reformer zone temperature falls below 
said first selected temperature range. 

16. The method in Claim 1 4, further comprising increas- 
ing said process air flow (52) to said reformer zone 
(24) if said reformer zone temperature increases 
above said first selected temperature range. 

17. The method in Claim 14, further comprising reduc- 
ing said second process air flow (52) to said hot 
zone (22) if said hot zone temperature falls below 
said second selected temperature range. 

18. The method in Claim 14, further comprising increas- 
ing said second process air flow (52) to said hot 
zone (22) if said hot zone temperature increases 
above said second selected temperature range. 

19. The method in Claim 14, wherein said adding said 
process air flow (52) comprises controlling said 
process air flow. (52) via a first air control valve (46). 

20. The method in Claim 1 4, wherein adding said sec- 
ond process airflow (52) comprises controlling said 
second process flow air via a second air control 
valve (40). 

21. The method in Claim 1 4, further comprising moving 
a reformer air (72) from said reformer zone (24) to 
said hot zone (22). 

22. The method in Claim 1 4, further comprising moving 
a hot air (68) to a waste energy recovery unit (30). 

23. The method in Claim 1 4, wherein said first selected 
temperature range is about 300° C to about 500° C. 

24. The method in Claim 14, wherein said second se- 
lected temperature range is about 600° C to about 
800° C. 

25. The method in Claim 14, wherein said second se- 
lected temperature range is about 725° C to about 
775° C. 

26. A method of producing electricity at an auxiliary 
power unit (10) in a vehicle comprising: 

adding a fuel and a reactant to a fuel reformer 



(32); 

producing a reformate (58) at said fuel reformer 
(32); 

introducing said reformate (58) to a fuel cell 
5 stack (28); 

producing electrical power at said fuel ceti stack 
(28); 

sensing a reformer zone (24) temperature at a 
reformer zone (24); 
10 determining whether said reformer zone (24) 

temperature is at a first selected temperature 
range; and 

adding a first process air flow (52) to said re- 
former zone (24) if said reformer zone (24) tem- 
15 perature rises above said first selected temper- 

ature range. 

27. The method in Claim 26, further comprising reduc- 
ing said first process air flow (52) to said reformer 

20 zone (24) if said reformer zone temperature falls be- 
low said first selected temperature range. 

28. The method in Claim 26, further comprising increas- 
ing said first process air flow (52) to said reformer 

2s zone (24) if said reformer zone temperature in- 
creases above said first selected temperature 
range. 

29. The method in Claim 26, wherein said adding said 
30 first process air flow (52) comprises controlling said 

first process airflow (52) via a first air control valve 
(46). 

30. The method in Claim 26, wherein said first selected 
35 temperature range is about 300° C to about 500° C. 

31. The method in Claim 26, further comprising: 

sensing a hot zone temperature at a hot zone 

40 (22); 

determining whether said hot zone temperature 
is at a second selected temperature range; and 
adding a second process air flow (52) to said 
hot zone (22) if said hot zone temperature (80) 

^5 rises above said second selected temperature 

range. 

32. The method in Claim 31 , further comprising reduc- 
ing said second process air flow (52) to said hot 

50 zone (22) if said hot zone temperature falls below 
said second selected temperature range. 

33. The method in Claim 31 .further comprising increas- 
ing said second process air flow (52) to said hot 

55 zone (22) if said hot zone temperature increases 
above said second selected temperature range. 

34. The method in Claim 31 , wherein adding said sec- 
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ond process air flow (52) comprises controlling said 
second process airflow (52) via a second air control 
valve (40). 

35. The method in Claim 31 , further comprises moving s 
a reformer air (72) to said hot zone (22). 

36. The method in Claim 31 , further comprises moving 
a hot air (68) to a waste energy recovery unit (30). 

10 

37. The method in Claim 31, wherein said second se- 
lected temperature range is about 600° C to about 
800° C. 

38. The method in Claim 31, wherein said second se- 15 
lected temperature range is about 725° C to about 
775° C. 

39. A thermal management system for use with an aux- 
iliary power unit (1 0) comprising: 20 

a first air control valve (46) in fluid communica- 
tion with a first process air supply (34) and a 
fuel reformer zone (24), said first air control 
valve (46) in operable communication with a 25 
controller (54); 

a second air control valve (40) in fluid commu- 
nication with a second process air supply (34) 
and a hot zone (22), said second air control 
valve (40) in operable communication with said 30 
controller (54); 

a reformer zone temperature sensor (82) in 
thermal communication with said reformer 
zone (24) and in operable communication with 
said controller (54); 35 
a hot zone temperature sensor (80) in thermal 
communication with said hot zone (22) and in 
operable communication with said controller 
(54); 

a first outlet at said reformer zone (24); and 40 
a second outlet at said hot zone (22). 

40. The thermal management system in Claim 39, 
wherein said second outlet is in fluid communication 
with a waste energy recovery unit (30). 45 

41. The thermal management system in Claim 39, 
wherein said first outlet is in fluid communication 
with said hot zone (22). 

50 

42. A thermal management system for use with an aux- 
iliary power unit (10) comprising: 

means for sensing a reformer zone tempera- 
ture at a reformer zone (24); 55 
means for determining whether said reformer 
temperature is at a selected temperature 
range; and 



means for adding a process air (52) to said re- 
former zone (24) if said reformer zone temper- 
ature rises above said selected temperature 
range. 

43. A method for fuel cell system thermal management, 
comprising: 

maintaining a first zone at a first selected tem- 
perature range; 

maintaining a second zone at a second select- 
ed temperature range, wherein said second 
zone is in thermal communication with a first 
sensor and comprises a reformer (32) and 
wherein said second selected temperature 
range is greater than said first selected temper- 
ature range; and 

maintaining a third zone at a third selected tem- 
perature range, wherein said third zone is in 
thermal communication with a second sensor 
and comprises a fuel cell stack (28) and where- 
in said third selected temperature range is 
greater than said second selected temperature 
range. 

44. The thermal management system in Claim 43, 
wherein said third zone further comprises a waste 
energy recovery unit (30). 

45. The thermal management system in Claim 43, 
wherein said first zone is in fluid communication 
with said second zone and said second zone is in 
fluid communication with said third zone. 

46. The thermal management system in Claim 43, fur- 
ther comprising a controller (54) in operable com- 
munication with said first sensor and said second 
sensor. 
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